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ZZ?%CT 

;.ktme x 2  weanling Sprzgue-Dawley feslale rats were centrifuged at 

2.2, 3.5, and 4.7 G fo r  periods of t b e  ranging up t o  1 year. 

rs;tes and final boay weights of weanling rats were s ignif icant ly  lower 

t h a  those of noncentrifuged controi rats. 

e-qerienced i n i t i a l l y  a tenporary loss in body weight due t o  inanition 

a& -"= A ~ & ~ c e d  food consurription. 

The growth 

Both mature and w e a n l i n g  rate 

Cornprison of organ/body weight r a t i o s  of 

1 .:-:corth a 2  1-year centrifuged r a t s  w i t h  corresponding control rats 

Llc,cz;ed . . .  uLi*~ p-olonge2 exposures caused only a few changes. Relative 

_. ~,el;;?ts of the d r e n a l s  of i.5-month centriTuged rats were reduced w h i l e  

the  l i ve r s  of 1-year centrifuged r a t s  were increased. There w a s  an 

L22zreat decrease in red blood ce l l s  and a significant decrease in  hematocrit 

vziues of centrifuged rats. 

centrifuged groups of rats which could be a t t r ibu ted  t o  the  exposure 

t r e z k c n t .  Results of t h i s  study show t h a t  rats are able t o  to l e ra t e  

prclcnged psrlods of s-hulated high gravity environments with l i t t l e ,  i f  

any, serious deleterious e f fec ts .  

No histopathology w a s  found in any of the 

ma m . Y s  

Pro longed cent r i f  q a t  ion growth organ development pathology 

hemato logy food consunrpt ion 
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t h e  IuccLaxerzal role and significance of gravity, per se, on growth, 

2 ~ z e L o ~ e z t ,  a d  xetzboiism of t e r r e s t r l a i  organisms. Experimental studies 

~f Gravity e f f ec t s  on mmals have been largely concerned with various 

sbyeiologic respooses aad the determination of tolerance limits of animals 

z c z x l y  e-qosed t o  s h u l a t e d  changes i n  gravity by centrifugation. The 

L, iects of prolonged centrifugation on grokkh of r a t s  w a s  first reported 

by :L-:A?ds [ 3 )  i n  1953. Subsequently, ot’ner workers reported on various 

Lo:-~-te= ex~0sill-e studies on chickens (8 ,9 ) ,  mice and hamsters (1 ,2 ,E) ,  

 EL^ rzts (s ,5 ,6 , iOj .  

S - ~ G Z C S  7 ~ 3 m  growth and organ development of r a t s  centrifuged f o r  various 

- , e - i ~ d ~  3 of tine. 

-A*-- 7 

I 

“he present study deais with the  e f f ec t s  of di f fe ren t  

, --- 
..A -‘,23 s 

- ~ L T L ~ .  - Fexale Sprague-Dawley r a t s  were used in a l l  studies.  

3 s  ot’nsr..:ise mted ,  till razs were fed Pilrina laborstory chow and water 

- -:~itl;~.. 

u;,2cr c o ~ d i t i o n s  as close as possible t o  tine centrifuged rats. 

Exce2t 

- ._ . Xoncemrifuged ra ts  (controls) were handled and maintained 

Ce2trifuge.- A ten radial amed centrifuge 8.5 f t  in radius w a s  used. 

Czges (20 X 10 X 10 in.) large enough t o  hold 4 t o  6 rats were suspended 

5y z.ezAs oI” a pivotal  yoke assenbly from each arm positioned at  one of 

3 fixed distances (4, 6, o r  8 f t )  from the center of rotat ion.  

~sse5sly had one degree of freedom, swinging outward upon centrifugation. 

2:tcii cage assumed a final position such that the resul taat  of the  centr i fugal  

a;,d grmi ta t iona l  forces was ve r t i ca l  t o  the cage f loo r .  

The cage 

- 

The centrifuge 
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ffl;;crescel;t l i gh t s  a t o z a t e d  t o  provlde on-off cycling at  6 A.M. and 

6 Y'.X., respectively. The centrifuge was n m  continuously except f o r  da i ly  

stoppages of approximately 20 minutes f o r  servicing and weighing the rats. 

Tize centrifuge w a s  nomally run continuously over t he  weekends without 
- 

C r c a  '<:eights.- Rats were fasted f o r  18-20 hr  pr ior  t o  t h e i r  removal 

>rnrC the ceztrif-e and exsanguinated by heart puncture under pentobarbital 

GAesthesla (49 q , h g Y  i . p . ) .  

wigned,  a d  appropriate sections were fixed in  cold 105 neutral  formalin. 

Organs were carefully excised, trimmed, and 

1 

Zffec t  on GrowLh.- The d i f fe ren t ia l  e f fec ts  on growth rates of weanling 

There 1-2;s eqosed t o  2.5y 3.5, and 4.7 G f o r  130 days are shown in Fig.  1. 

WT'S 2 significant decrement (zpproxkately 105) in the body weights of rats 

fo1;cwir-g the first dzy of centrifugation. Ti i s  loss i n  body weight was 

rzcoverec between the  2th ma 8th  day of exposure. During t h i s  in i t ia l  

eirpsure *perio2, the rats exhibited a post-rotary nystagmus along with a 

c h r e c t e r i s t i c  side -to-side roll- moveaent of the head whenever the centr i -  

f q e  was s toppd .  

t o  centrifugation (11) . 
Similar responses have been reported i n  chickens subjected 

With continued exposure of rats t o  centrifugation, 

i- d e  syst@.us ma he& response disa2peared and the rats appeared normal 

EZ& c o q l e t e l y  m e f e c t e d  xhenever subjected t o  deceleration. During the  

lEistopathologic examination of these t i s sues  w a s  performed by 

D r  . I. Erriest Gonzalez, Department of Pathology, University of California 

Xedical Center, San Francism, California. 



L ~ - - v u  7 *2-?- A.d.Aiately :-.,.-,,-.- folloxing the f i r s t  week of exposure, the centrifuged 

~ & = Y s  ;;rev r ; t  a ra te  siixilar t o  but l e s s  thzn corresponding control rats. 

X z e r  4 xonths of exposure, the mean body weights of the  centrifuged rats 

were s ignif icant ly  Less than those of control rats and inversely proportional 

t o  t he  G-load imposed. 

In ii second growth study of weanling rats, individual body weight 

xeasurements were recorded during 2 40-day period immediately following 

t h e  centr i f .~~at ioc- induced weight -loss period. Regression coefficients 

of growth f o r  tkese rats are presented i n  Table 1. 

cier;ts f o r  the 3.3  ma 4.7 G exposed r a t s  were s ignif icant ly  l e s s  f o r  

:he control r a t s .  There was, however, no significant difference in the 

grovch rztes between the two centrifuged groups. 

The regression coeff i -  

.-- m e  general pat tern of response t o  centrifugation of m a t u r e  rats w a s  

very sbilrr  to tiiat of weznlkg r a t s  except t ha t  mature rats required 

ccnslderzbly nore t h e  t o  recover from the  i n i t i a l  stress ef fec ts  of 

cerit5f '-~&ion. 

l o s t  a merage of 36 g when centrifuged at 4.7 G and th i s  weight loss w a s  

mz recovered mt i l  the  34th day of exposure. 

zrezted recovered their  weight loss in l e s s  t h a  8 days. 

w5ight loss experienced by centriruged rats can be at t r ibuted t o  inanition 

X2ture r a t s ,  fo r  exmple , weighing approximately 230 g 

Weanling rats similarly 

This initial 

a d  re5uced food consumption. 

Figure 2 shows the pat tern of response i n  body weight and food 

cxs-imption of nzture rats when subjected t o  4.7 G over a 25-day period. 

17; c a  be seen that the  precipitous f a l l  i n  body weight of rats exposed t o  

centrifdgazion can be substantially reproduced i n  noncentrifuged pair-fed 

rats. 

the  2ood consusption rate of exposed rats w a s  restored and eventually 

- 

E t'ne centrifugation was continued over a suf f ic ien t ly  long period, 
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- -  < lLL= 2 &E c; ti. -Lu h - of coiizrol r a t s .  

- A. - -  

I n  a representative experiment, f o r  example, 

r'ocd ccnsiixpzion r a t e s  of rats centrifuged f o r  3 nonths at  2.5, 3.5, 

x i  4.7 G -.:ere 16.5, 16.4, and 17.4 g/rat/day, respectively; control rats 

av3rqed 13.3 g/rat/day. 

and 198 g f o r  t h e  centrifuged rats and 261 g f o r  the  control rats. 

the  food consumption rztewerebased on body weight, the  differences between 

%he ceutr iZqed ar,d control rats would be even greater.  

Corresponding Eean body w e i g h t s  were 224, 218, 

If 

- ~ ~ f c - c t  33 ~ r g m  \*?eights. - %e organ/body weight r a t io s  of rats 

z q o s e d  t o  2.5, 3.5, and k.7 G f o r  k . 3  months along with corresponding 

con-crol r a t s  are presented in  Table 2 .  

o l d  az the s t a r t  of the ernr iment  and weighed 83 21.4 g. 

t h e  sax!  group of animals employed i n  the growth study of Fig. 1. For 

esch organ, an analysis of variance technique w a s  used t o  t e s t  the  hypothesis 

of hoxogeneoas group neans . Whenever the resul tant  F-value w a s  s ignif icant  

(1 < 0 .OS) ,  iE$ergroup coxparisons were m a d e  u t i l i z ing  Scheffel s method (7) 

-irltL 2 cxi?L&xxe coefficient of 95;. 

tive, overcoLes the problem of unequal varlances due t o  unequal sarnple s ize  

All rats were approximately 4 weeks 

They were from 

This method, though somewhat conserva- 

a i d  also gives an exact confidence l eve l  f o r  the experiment as a whole. 

only s t a t i s t i c a l l y  significant changes found were a decrease in body w e i g h t  

a& adrenal/body weight ratio of the  3.5 and 4.7 G groups of rats. 

other orgm/body weight r a t i o s  were within the  normal range of values f o r  

cent ra l  rzts. Tnere w a s  an indication tha t  the re la t ive  weights of t he  

p i tu i t a ry  of these rats were decreased and the  l i v e r  increased although 

The. changes were not considered s t a t i s t i c a l l y  significant (I? < 0.10). 

S h i i a r  data f o r  r a t s  exposed t o  1 year of centrifugation are presented 

The 

A l l  
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52 n - -  Lza,e 3 .  A s - a i a y  of tke s t zz i s t i ca l  ma lys i s  is given i n  Table 4. 

Tils :.,os: co=isistent a i ter%tion founii w 2 s  an increase in l i v e r  weights in 

-,.r &C centrifuged g r o u p  of rats. The differences were s ignif icant  when corn- 

& zzr& t o  e i the r  the weight (Group A) o r  %e (Group B) control rats. It 

should be noted that although the weight control rats w e r e  3 months old 

a d  the  zge control rats more than a year older, no difference between these 

t :m control g r o u p  in  liver/body weight r a t i o s  w a s  found. 

%he increase in lung s i z e  of the ‘c.7 G centrifuged group (Group E)  

over the  zge control (Group 13) w a s  eszecialiy striking. 

f-Gec2 rats ha3 very enlarged chests along w i t h  an abnormal curvature of 

t k e  thoracic vertebrae. 

grG;i?s ( C ) ,  (D), md ( E )  a.nd age control rats (Group B) compared t o  the  

y o a g s r  weigh control rats (Grou? A) w a s  not unexpected since it is known 

Two of the cent r i -  

The saaller t h p a s  of the centrifuged rats of 

tbz the t h y z u s  i,nvolutes in mimals w i t h  age. A marked depletion in  body 

so-- sh i la r  t o  thzz found by Smith and Kelly fo r  chickens ( 8 ) ,  w a s  noted 

2-5 For 

eecn e:qicsure period, the depletion appeared t o  be proportional t o  the 

5 . y s e d  G - l o d .  

c-.L?Ti- u A ~ ~ &  rats whether exposed f o r  4.5 nonths or  1 year. 

Bemtoiogy.- %he hematologic r e spnse  of rats centrifuged f o r  4.5 nonths 

and 1 year is  shown in Table 5 .  

md hematocrit values of 4.5-aonth centrifuged rats, but only the  hematocrit 

vzlues of the 2.5 and 4.7 G r a t s  were s t a t i s t i c a l l y  s ignif icant .  

There w a s  an apparent decrease in the RBC 

In the  1-year e m s u r e  study no d i rec t  conparison w i t h  control values 

could be naCe s h c e  hazatologic studies were oot run on 1-year age control 

; c a s .  

sk i la r  t o  those of the 4.5-nonth exposed rats. 

T3e v z h e s ,  however, f o r  the 1-year centrifuged rats are quite 

WBC levels  appeared t o  be 
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i : c~ ;~zz -d  LZI the ceatrifzged rats of the 4.5-nonth study; however, the 

r,=;,lts were noz s t zz l s t i ca l ly  signii"ica?t (T  < 0 .lo) . R a t s  centrifuged 

f o r  1 yczr at  3.5 G a d  then removed fqom the centrifuge fo r  30 days showed 

z a  lncrcase in born B C  and hematocrit values compared t o  a comparable 

groq of cr3ntriTTed rats on which hematology was done immediately after 

the  yea r - loq  c e n t r i f f a t i o n .  

-- . I,,stopzThology. - Detaiied exadnation of t i s sues  from rats subjected 

+o ccnLri?&p-zion for periods of 4.7 xxonths or  1 year revealed no con- 

s;is:ent Listopzthologic ch--ge which could be at t r ibuted t o  the  exposure. 

Gne of the control rats of the 1-year study, however, developed a 

spcjnt~~eouis ~&mry Vanor a d -  was excluded from the  experiment. 

Iiesults of histochemical studies of l i p i d  distribution2 i n  the  various 

zones of the adrenal cortex were variable and showed no consistent pat tern 

of z l te rz t ion  tha t  could be attr ibuted t o  the centrifugation treatment. 

TLungs from both control and centrifuged r a t s  showed in some cases 

&ilfifisz j l l t e r s t i t i a i  pneunonitis and a te lec tas i s .  

r.xntioned as having enlarged pulmonary capacit ies,  his tologic  examination 

In both rats previously 

or" t h e  lungs revealed diffuse a te lec tas i s  and compensatory enphysema. 

DiSCUSSIGN 
1 

Frosl t h i s  study it is clear  that  rats are able t o  to l e ra t e  prolonged 

e:qos-xes of re la t ive ly  high G- lods  w i t h  no serious pathologic a l te ra t ions  

resulting. it should be pointed out t h a t  there  were no deaths at any of 

A'? bA.L 3 G-loz.2~ m-d eqosure  pericds enployed in t h i s  study. During the  init ial  - 
2Xeutral l i p ids  were stained w i t h  o i l  red 0 while tissue cholesterol 

was detemiined by Schultz' s nethod. 
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~ ~ ; u s  zre m s t  aiverscly affected as indicated by t h e i r  marked w e i g h t  loss 

of a p s j r e  to sbmiated nigh grzvity conditions by centrifugation, .- 

z . 2  r e b c t i o a  i n  food conmaption. This i n i t i a l  stress response can be 

zctr23xted not only t o  the  irriposed G-load but t o  the e f f ec t s  of angular 

acceleration. The influence of the l a t t e r  fac tor  is evident from the 

n y s t a p x  resqonse e l i c i t e d  in the rats during the  first week of centr i f  - 
ugzzicn. 

xpbr zccelsrazion have not been assessed as yet; however, s tudies  are 

2:- progress to resolve these coxpoxexits. 

The re ia t ive  contribu%ions of the centrifugal force and of 

TLZ general ap-gearance a d  behavior of r a t s  which have adapted t o  

h5;h-G eliviromertx were sbilar t o  noncentrifuged control rats; t h i s  is 

psr t icu lzr ly  t rue  f o r  rsts er2osed t o  2.5 and 3.5 G. A t  4.7 G, the  t o l e r -  

a c e  lhit is ap2arently reached and these r a t s  were somewhat emaciated , 

seecy in appeamce.  

r a t s  Gxr-hg centrifugation, it w a s  evident t ha t  the rats could move about 

From niotion pictures  taken of h i g h 4  adapted 

2: z :Loi-d:zl z a e r  5ariz.g ccntrifugztion with no d i f f i cu l ty  and were not 

-~c-i-ceLy dr 'ected 6wing e i ther  accelerazion o r  deceleration. 

it wzs prev2ozsly r e p r t e d  (6) that  when rats were centrifuged f o r  

3 :;-o~tl;s and then rexoved from the centrifuge, t h e i r  body weight increased 

rapidly from 6-11s during the  first 24 hr off the centrifuge. 

could be at t r ibuted t o  increased food a d  water consumption and'concomitant 

This increase 

rehydrztion. In  con%rast, rats i n  t h i s  study w h i c h  were centrifuged f o r  

l year did cot  show my increase i n  body weight during the  first 24 hr  off 

.r. uLA2 -0 

rexoved from the centrifuge f o r  30 days (Table 5 ) ,  weighed an average 

c e n t r i h g e .  The 4 rats, centrifuged f o r  1 year at 3.5 G and then 
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; p r i o r  to rexoval, 379 g after tiie f irst  2b h r  off the centrifuge, ---7 ;2> 
L?- --- 
xis 297 

d-~rL-.,g ceE'trifGg2tior t o  12.4 g/rat/day during the first 24 hr off the  

ceritrlf-,ge. 

higner t'nm the  ra te  on the centrifuge but t * Lter consumption rate, 

hc-;<ever, did increase from 31.6 ml/rat/day t o  M.9 ml/rat/day. 

&tcr  30 b q s .  "ne food consmption r a t e  f e l l  from 16.9 g/rat/day 

Tne food consmption rzte a f t e r  the first day w a s  only slightly 

The reason 

Tor -' L,L:C- Cifferecce in response upon removal from the centrifuge of the 

3-r.cj~tk a b  i-yezr exposed g r o q s  of rzts is  not c lear .  It i s  possible 

T.-?t L", . %.e 1-year exTosure s ~ u d y ,  the alrr.ost dai ly  stoppages 02 the 

cez;ri%ge Tor servicing may have conditioned tine rats so that they were 

u x f i e c t e d  when returned t o  noma1 gravity conditions. 

The s p x i f i c  e f f ec t s  of interni t tent  stoppages of the centrifuge upon 

The the growth pazterns of eqosed  rats cannot be ascertained at present. 

resolution of t h i s  problem w i l l  require the use of a fully automated 

centrifuge which can operate continuously without s tonage  f o r  animal 

S?-rVlC b g .  

& A ~ ; ~ ( ~ ~ T ~ ~ . ~ ~ ~  

!?he authors thank Miss Rosa Medina f o r  her technical assistance and 

I.%-. 3ugene Averkin of the Conrputation and Analysis Branch f o r  h i s  assistance 

in the  s t a t i s t i c a l  analyses. 



-~ -- - - -< -47--n-. 

-i 4-d-,bLs 

-. 3:i-c & J . W. C . ,  C .  C .  Wunder, N. Sandler, and C. H. Dodge. Analysis 

An. J. Physiol. of ~ . ~ . c u l a r  developaent of mice at high gravity.  

- 2 0 k  523-526, 1963. 

2. Briney, S. R., and C .  C. Wunder. Comparative study of e f f ec t s  of 

gravity on the growth of hamsters and mice. 

- 67: 495-500, 1960. 

Proc. Iowa had. Sci. 

3 .  XLzthews, B. 3. C .  Adaptation to  centrifugal acceleration. J. Physiol. 

- 122: 31, 1953. 

1. Zieville, E .  D. ,  and D .  D. Fe l le r .  Lipid synthesis i n  l i ve r s  of rats 

e ~ o s e d  t o  acceleration. Fed. Proc . a : 2 7 l ,  1964. 

5 .  Oyama, J., W .  T.  P l a t t ,  and E -  Ggden. Exposure of rats t o  acute and 

chronic acceleration stress + Fed. Proc . a: 355, 1964 

5.  Oyana, J., a d  W.  T. P l s t t .  Effects or' deceleration on rats exposed 

TO prolonged centrirlilgation. Bature 203: 766-767, 1964. 

7. EcheEe,  9. 5 e  k e l p i s  3f Vximce  (3rd ea). New York: John Wiley 

a d  sons, 1953, 22 * 5 5 4 6 .  

8 .  h i t h ,  A.  E., md C .  3'. Kelly. Influence of chronic acceleration upon 

CY--:,? m d  body coclposition. Annals. N .  Y.  Acad. Sci. - 110:410-424, 

- - .  
. 4  

'r 

9. Snith, A. E., C .  N. Winget, and C .  F. Kelly. Growth and survival of 

b i rds  mCer chronic acceleration. Growth 2: 97-108, 1959. 

10. %eel,  F . I,. D. E z r l y  growth of rats in an increased gravi ta t ional  

:is M . 32ture B: 583 -584 1962. 

. 



- 1 2 -  

11. l i ; i ~ - ” t  I rY ,  b .  n X., ~d A. E. Srnith. QGmtitative o;zasureriient of labyrinthine 

I‘wtction ir, the fowl by nystapography. J. Appl. Physiol. 1;1:72-718, 

1962. 

2. Xu&r, C. C., S. R. Briney, M. Kral, and C. Skaugstad. Growth of muse 

f e m u r s  during continual centrifugation. N a t u r e  188: 121-152, 1960. 



- 13 - 

P No. of 
r3t S n ireatLsen% iogek b 4 standard deviation 

Control (k8) 4.523 

3.6 G (24) 4.402 

4.7 G (24) 4.430 

o .0238220 .om57 

o .0213~0 .ooo6o 

0.0207450 .OOOgg 

< 0.01 

0.025 

Ex-onential growth equation: log,W = logeA f b X  

where 'CiJ = body weight in grams 

b = regression coefficient 5 standard deviation in 

gfdayfg body weight 

X = d2ys centrifuged 

P value: Significant from control at s ta ted probability. 



Ti -..--- ' -.,f ;- 2 .- Org;zr,/body weight r a t i o  of r a t s  centrifuged f o r  

'r -5  z m t h s  

G 3 Q - i i  Age control 2.5 G 3.5 G 4.7 G 

XG. GF ,WS 5 4 4 . 4  

AV. EODY WT, g 26211  21629 2m10* 20314* 

2,560dh 

69% 18 

2 1 3  7 

l o a 1 3  

206110 

5.8720.26 

28.920.8 

49.523.4 

152220 

41913 

2993 -6 

376211 

2 8901220 

685~27 

2242 19 

ll1F21 

166220 

4.98kO .l5 

25.521.5 

4.8 .ot5 .o 

io336 

428k23 

336219 

40921 

3, O l e  192 

73228 

18914 

56216 

163238 

4.8320 .62 

21.621.2* 

51 .ok3.2 

85 3234 

483 32 

37u25 

393335 

Values are  =ems +, standard e r ror .  

*S ign i f i ca t  froxn control a t  a probabili ty of 0.05 or  less. 
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r _  -*-A >-- 3 . -  Gr;;;;-,/-aoZy wC-Igh% ratios of r z t s  centrifllged f o r  1 year 

GBG;T" A. Control B. Control C .  3.5 G D .  4.7 G E. 4.7 G 

xo. 07 ILZS 10 6 9 9 6 

AV. B O ~ Y  m, g 25m6 32313 27238 231~8 26213 

3,280+-u-o 

75927 

18559 

39 -553 -7 

, 1 7 9 5  

6.1750 .35 

22.650. g 

51&26( 4) 

1942 16 ( 4) 

4?9+120( 3 1 

336kW 4) 

37&14( 4) 

Valzes me rneans k standard e r ror  f o r  the  number of rats in each group; when 

less, the nmber employed is  given i n  parentheses. 

*.LA. iJeight wn t ro l s ,  3 nontns o ld ;  B. Age controls, 15.5 months old; 

C. 

t 1.3 g ) ;  D. 

EV wt = 73.8 f 1.1 g);  2 .  

dzys zt 4.7' G. 

Cezt-lfuged for 348 days frox weanling age ( 4  weeks old, av w t  = 76.5 

Centrix'uged for 348 days from weanling age (4  weeks old, 

Centrifuged for 89 days at  3.5 G followed by 295 

Rats were 3 months old (av w t  = 237 f 5 g) at start of 

ceatriTugation, 15.5 aonths at tine of sacr i f ice .  
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4 -5 xonths 2 -5 4 7.8fi0.16 42.4t0.8* 2.7840.60 

3 - 5  4 7.46to.14 42.650.6 4.6321 26 

4.7 4 7.3mO .I6 41 .620 .5* 3.46i-0.68 

Control 5 8.18i.0.26 45.lL0.7 5 .gO+O .49 
~ 

I yeax 3 -5 9 8 . 2 3 0 2 9  41.6k0.9 4.38kO .53 

4 -7 9 7.Gi0.32 40.5k1.2 3.830.42 

3.37 4 10 .ope .2b 43 a0.8 4.5p1.% 

Values are means t standard error .  

*P < 0.Gg 

$entri-i"uged for 1 year and then removed from centrifuge for 

321 &ys. 

t 3  rats 
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3 ;i-&:< 2 Ems 

7 i g .  1.- Grc;&h of female tiemling r a s  under varying G-loads as a function 

oI” exTomre t h e .  

r ~ t s  except f o r  the noncentrifuged control group (a) which is the 

Gem of 36 rats. 

Each p i n t  represents the rzean body w e i g h t  of I 2  

552. 2.- EfTect of centrifugation on body weight and food consumption Of 

mture  feaale rats. Each point represents the m e a n  of 6 rats. 






